The spectrum of the diffuse nebula NGC 2068 (M 78) is composite, showing nebular emission lines as well as the scattered spectrum of the illuminating star. The difference in radial velocity between the emission and absorption spectra is ^ 100 km/sec; this difference can be interpreted as resulting from the expansion of the dust cloud about the central star.
Hubble, working with slitless spectrograms, long ago noticed a relationship between the spectrum of a diffuse nebula and the spectral type of the star that illuminates it (Hubble 1922) . Nebulae associated with stars of spectral type B1 or later were found to have continuous spectra, while those associated with stars of earlier spectral types showed emission lines but little or no visible continuum. Slipher (1912) had earlier shown that a nebula with a strong continuum generally has an absorption spectrum matching that of its illuminating star; this observation clearly indicated that virtually all of the light from such nebulae is simply starlight scattered by solid particles.
The lack of emission lines in the spectra of nebulae associated with stars of the later spectral classes is readily explained by the rapidly decreasing size of the ionization regions around such stars.
On the other hand, dust in the vicinity of stars with large ionization regions will, under certain circumstances (see e.g., Mathews 1969), tend to be destroyed or expelled veiy rapidly. The combination of these two effects results in a rather abrupt transition between emission nebulae and reflection nebulae; nevertheless it is possible to find examples of nebulae showing both characteristics.
Consider a spherically symmetric nebula in this transition region.
We are presented with three distinct spectra: the direct (though reddened) spectrum of the illuminating star, the spectrum of the star as scattered by dust particles within the nebula, and the emission spectrum of the gas. Suppose that spectroscopic observations are made at two points in the nebula symmetrically located on opposite sides of the star; how do the dynamics of the gas and dust affect the measured radial velocities of the absorption and emission lines?
For the present, we assume that the gas and dust move together.
This assumption does not imply that the observed radial velocities for the emission and reflection spectra need be the same. In general they will differ, because, while the radiation from the gas and the radiation scattered by the dust share the optical path from the nebula to the observer, the radiation from the dust has also traveled the path from the star to the portion of the nebula being observed. Thus the contribution to the observed radial velocity from an elementary volume of dust is the arithmetic sum of the element's radial velocity with respect to the star and its radial velocity with respect to the observer. As the gas and dust in a coextensive volume will have the same radial velocity with respect to the observer, any differential between the absorption and emission spectra can be attributed to the radial velocity of the dust with respect to the star.
The radial velocities actually observed are, of course, averages over all the volume elements along the line of sight through the nebula.
For example, if the entire system of gas and dust were to have a systematic linear motion with respect to the star, the observed radial velocity of an emission line would be sensibly the same for all points in the nebula (the angular extent of the nebula, as seen by the observer, is assumed to be small). On the other hand, the observed radial velocity of an absorption line would vary across the nebula, depending on the average component of velocity towards the star of the dust in the observed portion. This behavior would be particularly apparent for a line that appears in both the reflection and emission spectra, such as one of the Balmer lines. If the nebula is moving roughly transversely to the line of sight, the part that is approaching the star will show a displacement of the absorption line to the short wavelength side of the emission line, and the part that is receding from the star will show the opposite displacement.
If the nebula were expanding symmetrically about the star, it is evident that all points in the nebula at a given angular distance from the star would show the same line displacements. Everywhere in the nebula, the absorption line would be displaced to the longwavelength side of the emission line. The displacements would, of course, be reversed for a contracting nebula.
For purposes of physical interpretation, it would be best for the radial velocities of the emission and reflection spectra to be stated in terms of differences from the radial velocity of the illuminating star. Unfortunately, the errors in absolute wavelengths for typical nebular spectrograms are of about the same order as the usual line displacements; we shall therefore continue to restrict our discussion to small differential measurements between absorption and emission lines in a single spectrum, for which the errors are much smaller.
One example of a transition nebula is NGC 2068 (M 78), part of the Orion complex (Plate I). Within this nebula are two 10th magnitude stars, designated M 78(A) and M 78(B) by Sharpless (1952) ; these stars, together with a third, fainter star, form the cluster HD 38563. Although M 78(A) is slightly brighter and appears to be more nearly centrally located in the nebula, Sharpless (1952) has suggested that M 78(B) may be primarily responsible for the illumination of the nebula. This suggestion is supported by polarization measurements made at different points in the nebula by Elvius and Hall (1966) . Both M 78(A) and M 78(B) are highly reddened stars, as is apparent from the data collected in Table I . The photometric observations have been taken from Lee (1968) , the spectral type for M 78(B) from Sharpless (1952) , and the color excesses have been found from the intrinsic colors for main-sequence stars given by Johnson (1966) . The spectral type of M 78(A) has been determined from a slit spectrogram of rather low quality and is subject to an uncertainly of one or two spectral subclasses. nebula, but only if the projection of this motion onto the plane of the sky is toward the southeast. In this case the radial velocity of the gas with respect to the observer will be a constant over any optical path through the nebula, and the emission lines will be narrow.
The other possibility is that the motions of the gas and dust are not strongly coupled, and, although the dust system is expanding with a velocity of ~ 100 km/sec, the gas system expands much more slowly. We believe this latter explanation is the more likely one.
It is, moreover, supported by the fact that photographs of the nebula show a region near M 78(B) that appears to be quite free of dust. If the dust has been blown out of this region, the observed velocities of ~ 100 km/sec imply a time scale of between 10 3 and 10 4 years for the process.
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